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2.1. .
$R^{r\iota}$ $n$ . $R^{n}$ $x$ , $j$ $x_{j}$
, , $x=(x_{1}, x_{2}, \ldots, x_{n})$ . $R^{n}$
$x=(x_{1}, x_{2:}\ldots, X_{n})$ $f$ , $So\subseteq R^{n}$ ,
$P_{0}$ : $f(x)arrow$ ; : $x\in So$








$x_{i}=0$ $x_{j}=0$ , (2)
$A^{k}x\leq b^{k}(1\leq k\leq m)$ 1 (3)









(i). $f(x)$ $x\in s_{0}$
([8] ),





$So\subseteq\tilde{s}_{0}$ , $g(x)\leq f(x)$ ( $\forall x\in$ So) $R^{n}$ $\overline{S}_{0}$
$g$ : $R^{n}arrow R$ ,
$\tilde{P}0$ : $g(x)arrow$ ; : $x\in So$
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. $\mathcal{P}\mathit{0}$ , $\tilde{P}0$ $\tilde{S}0$ , $\overline{P}0$ $g$
$6_{\mathrm{U}}^{\gamma}$ $f$ . , $P0$ $f^{*},\overline{P}_{\mathrm{U}}$
$g^{*}$ , $g^{*}\leq f^{*}$ . , $\overline{P}_{0}$ $g^{*}$ $\mathcal{F}_{\mathrm{U}}^{)}$
$]^{*}$ . P $P\mathit{0}$ .
$\overline{7^{\supset}}_{\mathrm{U}}$
$\mathcal{F}_{\mathrm{U}}^{)}$ $f^{*}$ $g^{*}$ . $p_{\mathrm{u}}$
( ) $\hat{x}\in S_{0}$ , $g^{*}\leq f^{*}\leq$ .
, $f\cdot(\hat{x})-g^{*}$ \searrow , “ ” $\hat{x}\in So$




$P_{\mathrm{U}}$ $s_{\mathit{0}}$ $S_{k}(1\leq k\leq\ell)$ , , $S_{0}= \bigcup_{k=1}^{\prime)}Sk$
, $\mathcal{P}\prime \mathrm{u}$ (
P : $f(x)arrow$ ; : $x\in S_{k}$
$(1 \leq k\leq l)$ . $P_{k}$ $\mathrm{p}_{\mathit{0}}$ , Pu $P_{k}$ . $s_{\mathrm{u}}= \bigcup_{k1}^{\ell}=S_{k}$ ,
$P_{k^{\wedge}}(1\leq k\leq\ell)$ , P .
, $P_{k}$ $x^{k}$ , $f^{k}=f(x^{k})$ ,
$f^{k}$ $x^{k}$ $p_{0}$ . 1
\acute , .
Pu , (






(B), (C) . .
( ) Pu
$\hat{x}$ . , , (B) .








(1), (2) (3) , 2
, 2 .
2 .




$\sum_{k=1}^{m}yk\geq 1,$ $y_{k}(1-yk)=0,$ $y_{k}(A^{k}x-b^{k})..\leq 0(1.\leq. k\leq 7n)$ (3)
, 2 2
$x^{T}Qx+q^{T}x+\pi\leq 0$ $=0$ (4)
. ,
$x\in R^{r\iota}$ : ,
$Q$ : $n\cross n$ , $q\in R^{n},$ $\pi\in R$ : ,
$T$ : .
, 2 , (2




$x^{T}Qx+y\mathit{0}q\tau_{X}+\pi y_{0}^{2}\leq 0$ $=0y0=1$ (4)
. , , 2 ( $\mathrm{Q}\mathrm{P}$ ) .
: $q_{\mathrm{U}}^{T}xarrow$
: $x^{T}QiX+q_{i}^{T}.y_{0^{X}}+\pi_{i}y_{0}^{2}\leq 0(1\leq i\leq\ell)$ ,






$Q_{i}$ : $n\cross n$ , $q_{i}\in R^{n},$ $\pi_{i}\in R$ :
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.$S^{n}$ : $n\cross n$ ,
$s_{+}^{r\iota}$ :. $n\cross n$ ,
$F=\{y\in H$ : $y^{T}P_{k}y^{T}P_{iy\leq 0_{0}}y=((1\leq i\leq l<k\leq l)m’)\}$ ,
$H=\{y=(y_{0}, x)\in R^{1+n}$ : $y_{0}=1\}$ ,
$Q_{\mathrm{U}}=O\in S^{n},$ $\pi_{0}=0\in R$ ,
$P_{k}=\in S^{1+n}(0\leq k\leq m)$ .
, $\mathrm{Q}\mathrm{P}$ (5)
: $y^{T}P_{0}yarrow$. ; : $y\in F$ (5)
. , $y=(y_{0}, x)\in H$ , $y^{T}P_{ky}=\pi_{k}+q_{k}^{T}x+x^{T}QkX$
. , $Q_{k}\in s_{+}^{n}$ ( , $Q_{k}=O$ ) , , , 2
$H\ni y-y^{T}P_{ky}\in R.\text{ }$ ( , $\text{ }$ )
$.\cdot$
. . , QP (5)
$y^{T}P_{\mathrm{U}}y$ I
$y^{\tau_{P_{0}}T}y=q_{0}x(\forall y=(y_{0}, x)\in H)$ :
, $H$ . (1), (2) (3) $y^{T}P_{ky}\leq$
$0$ $y^{T}P_{ky}=0$ $y^{T}P_{ky}$ $H$ .
4. 2 .
, QP (5) $y^{T}P_{ky}$ –
2 . QP (5) $F$ , ,
.
QP (.5)’ $y^{T}P_{\mathrm{U}}y$ $H\supseteq F$ . , $F$
( $()F$ ( $F$ )
: $y^{\tau_{P}}\mathrm{u}yarrow$ ; : $y\in \mathrm{c}\mathrm{o}F$ (6)
QP (.5) ’ , “ ” . $\mathrm{c}\mathrm{o}F$
, (6) . , ’l
\acute ’’ Lagrange , 2 , , SDP
. , SDP , $\mathrm{Q}\mathrm{P}(5)$ ’ , ,
. Slater ( ) , 3 QP (5)




QP (5): Lagrange $\lambda$ A Lagrange $L:H\mathrm{x}\Lambdaarrow R$
A $=$ $\{\lambda\in R^{m} : \lambda_{i}.\geq 0(1\leq i\leq\ell)\}$ ,
$L(y, \lambda)$ $=$ $y^{\tau_{P0}\tau_{P}}y+ \sum_{k=1}\lambda mkyky$
, QP (5) Lagrange
: $L(y, \lambda)arrow$ ; : $y\in H$ (7)
. (7) $\lambda\in$ A , $\lambda$
. QP (.5)’ (7) , $F\subseteq H$ . ,
$y^{T}P_{0y}\geq L(y, \lambda)(\forall y\in F)$
. (7) $\mathrm{Q}\mathrm{P}(5)$ ’ .
$y\in fJ$ 2 $L(y, \lambda)$ $H$ $\lambda\in\Lambda$ ,
2 $L(y.\lambda)$ $H$ $-\infty$ , Lagrange (7) QP (5)
$-\infty$ . , Lagrange (7) , Lagrange
$\lambda\in$ A
$\Lambda+$ $=$ { $\lambda\in$ A: $L(\lambda,$ $\cdot)$ $H$ }
{ $\lambda\in$ A : $\sum_{k=1}\lambda_{kQk}\in s_{+}^{7_{1}}$ }
. $\lambda\in\Lambda+$ Lagrange (7)
\mbox{\boldmath $\lambda$} . ,
: $\min\{L(y, \lambda):y\in H\}arrow$ ; : $\lambda\in\Lambda+\cdot$ (8)
QP (5) Lagrange , Lagrange (7) , QP (5)
.
4.2. 2 .
(8) $\mathrm{Q}\mathrm{P}(5)$ ’ Lagrange . (8) ,
Lagrange .
: $y^{T}P0yarrow$ ; : $y\in\overline{F}$ . (9)
,
$\overline{F}=\{y\in Hi\sum_{k=1}\lambda ky^{T}Pky\leq 0(\forall\lambda\in\Lambda_{+})\}$ .
(9) $\tilde{F}$ $H$ 2 $\sum_{k=1}^{m}\lambda ky^{\tau}P_{k}y\leq 0(\lambda\in A1+)$
, $\tilde{I}$ . , $y\in F$ $y\in\overline{F}$ , , $F\subseteq\tilde{F}$ .




$A \cdot B=\sum_{0i=}^{n}\sum^{n}Aj=\mathrm{U}i_{\dot{J}}B_{i}i$ . QP (5) 2
2 $y^{\tau_{P_{i}}}y$ $P_{iyy^{T}}$. – , $\mathrm{Q}\mathrm{P}$ (5) $F$
$F=\{\mathrm{Y}e_{\mathrm{U}}\in R^{1+n}$ . $P_{i}\cdot \mathrm{Y}\mathrm{Y}=yy^{\tau}\leq’ 0y(1\in H\leq i’\leq\ell \mathrm{I}, P_{k}\cdot \mathrm{Y}=0(\ell<k\leq rr\iota)\}$
. , $e_{0}=(10,0\}’\ldots, \mathrm{o})\in R^{1+n}$ , $y\in H$ $(yy^{T})e_{\mathrm{U}}=y$
. , “rank $\mathrm{Y}=1,$ $\mathrm{Y}\in s_{+}^{1+n},$ $Y\mathit{0}\mathit{0}=1$” , $y\in H$ $\mathrm{Y}=yy^{T}$
. , rank $\mathrm{Y}$ $\mathrm{Y}$ . , QP
$(.\ulcorner))$ $F$
$F=\{\mathrm{Y}e_{0}\in R^{1+n}$ . $\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}P_{i}\cdot \mathrm{Y}\mathrm{Y}=\leq 01,\mathrm{Y}\in(1\leq i\leq\ell s1+n,Y00=1+),P_{k}\cdot \mathrm{Y}’=0(\ell<k\leq m)\}$
. , $F$ , rank $\mathrm{Y}=1$
$\hat{F}=\{\mathrm{Y}e_{\mathrm{U}}\in R^{1+7\overline{\iota}}$ : $\mathrm{Y}\in S^{1}P_{\dot{\iota}}\cdot \mathrm{Y}^{+}\leq+n_{0},Y0\mathrm{U}=.1(1\leq\prime i\leq’\ell),$ $P_{k}\cdot Y=0(l<k\leq m)\}$
. $\hat{F}$ , $\hat{F}$ $F$ , $\mathrm{Q}\mathrm{P}$ (5) SDP
: $y^{T}P0yarrow$ ; : $y\in\hat{F}$ (10)
. (10) $y^{*}$ SDP $\mathrm{Y}^{*}$ , $y^{*}=\mathrm{Y}^{*}e_{\mathrm{U}}$
.
: $P_{\mathrm{U}}\cdot \mathrm{Y}arrow$ ; : $\mathrm{Y}\in\hat{\mathcal{G}}$ (11)
,
$\hat{\mathcal{G}}=\{\mathrm{Y}\in S_{+}^{1+n}$ : $Y_{00}=1,$ $P_{i}\cdot Y\leq 0(1\leq i\leq\ell),$ $P_{k}\cdot \mathrm{Y}=0(\ell<k\leq m),$ $\}$
(10) $\hat{F}\subset$ R1+N SDP $\hat{\mathcal{G}}\subset S^{1+n}$ $R^{1+n}$ { $\mathrm{Y}e_{0}\in R^{1+n}$ :
$Y\in\hat{\mathcal{G}}\}$ . .
44 3 .
, QP (5) , (6), Lagrange (8), 2
(9), SDP (10) .
.
:( [1] -teorems 2.1, 2.2)
(i) $F\subseteq \mathrm{c}\mathrm{o}F\subseteq\hat{F}\subseteq\overline{F}$ .
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(ii)
$\mathrm{Y}\succ O,$ $P_{i}\cdot \mathrm{Y}<0(1\leq i\leq\ell),$ $.Y_{00}=1,$ $P_{k}\cdot Y=0(\ell<k\leq m)$ (12)
$\mathrm{Y}$ (SDP (10) ) ( ), $\hat{F}$
$\tilde{F}$ – . $r$..
$\backslash ..$ . .
(iii) inf $y^{T}P0y \geq\underline{\inf}y^{T}P0y\geq\sup$ inf $L(y, \lambda)$
$y\in\hat{F}$ $y\in F$
$\lambda\in\Lambda_{+}y\in H$
(iv) (12) $\mathrm{Y}$ , (iii) .
$arrow$ .
, $F$ : QP (.5)’ , $\overline{F}$ : 2 (9) , $\hat{F}$ : SDP
(10) , $L(y, \lambda)$ : Lagrange . ..
,
. Lagrange (8) , 2 (9), SDP (10) 3
, SDP (. 10) ,. (12) $\mathrm{Y}$ , 3 ,
. ,. SDP (10)
. ,
. SDP (10) QP (5) ,
2 (9) – .
, SDP (10. ) , 2
(9) . (9) , $. \sum_{?=1}^{m}\lambda.i\acute{y}^{T}\dot{P}iy\leq 0(\lambda\in\Lambda_{+})$
, , 2 $\mathrm{Q}\mathrm{P}(5)$
. 0-1 .
5. 0-1 SDP .
0-1 IP 2 .
: $c^{T}yarrow$ ; : $y0=1,$ $y_{0}a_{i}^{\tau}.y\leq 0(1\leq j\leq P),$ $y_{i}(y_{i}-y0)=0(1\leq i\leq n)$ .
(13)
(13) QP (5) , SDP ( 2
) . , (13) SDP ,
LP
: $c^{T}yarrow$ ; : $a_{j}^{T}y\leq 0(1\leq j\leq\ell),$ $0\leq y_{i}.\leq 1(1\leq i\leq n)$ (14)
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– , SDP ( 2 ) .
, LP (14) 1 2 2
$-y_{i}y_{k}\leq 0(1\leq i\leq n, 1\leq k\leq n)$ ,
$y_{i}a_{J}^{T}$. $y\leq 0(1\leq i\leq n, 1\leq j\leq l)$ ,
$(y_{0}-y_{i})a^{T}jy\leq 0(1\leq i\leq n, 1\leq j\leq l)$,
$-y_{i}.(y0-y_{k})\leq 0(1\leq i\leq n, 1\leq k\leq n)$ ,






” . , 2 QP
SDP , .
SDP LP ([12] ).
6. .
, SDP LP . SDP
([2, 13] ), , , , 2
. , – SDP
. “ SDP
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